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Introduction: This study investigates the complex relationship between
economic growth, remittances (REM), export earnings (EEs), infrastructural
development (IFD), and environmental sustainability (ES) in Bangladesh over
the period from 1990 to 2020. Framed within the context of the
Environmental Kuznets Curve (EKC) hypothesis, the research explores how
these factors influence environmental outcomes and contributes to ongoing
discussions on sustainable development.

Methods: Utilizing advanced time-series modeling techniques, including
autoregressive distributed lag (ARDL) and nonlinear ARDL (NARDL), this study
applies unit root tests and co-integration analysis to examine the data. These
methods allow for a detailed assessment of both short- and long-term
relationships between the variables in question.

Results: The findings confirm the EKC hypothesis, showing that economic
growth initially leads to increased carbon emissions and environmental
degradation, but further development contributes to environmental
improvements. Remittances, however, significantly exacerbate carbon
emissions and ecological degradation. On the other hand, technological
innovation (TI) demonstrates a negative association with carbon emissions and
ecological footprint (EF), highlighting its potential in supporting sustainable
development. The impacts of export earnings and infrastructural development
on environmental sustainability are mixed, with infrastructural growth in
particular linked to environmental degradation.

Discussion: The study’s results underscore the importance of targeted policy
interventions to balance economic growth with environmental sustainability.
Policymakers should focus on mitigating the environmental impacts of
remittance inflows and fostering technological innovation to achieve the
Sustainable Development Goals (SDGs). While export earnings and

OPEN ACCESS

EDITED BY

Martin Siegert,
University of Exeter, United Kingdom

REVIEWED BY

Mohammad Haseeb,
Wuhan University, China
Md. Emran Hossain,
Bangladesh Agricultural University, Bangladesh
Florian Nuţă,
Ștefan cel Mare University of Suceava, Romania

*CORRESPONDENCE

Md Qamruzzaman,
zaman_wut16@yahoo.com

†These authors have contributed equally to this
work

RECEIVED 19 February 2024
ACCEPTED 11 September 2024
PUBLISHED 24 October 2024

CITATION

Yi X and Qamruzzaman M (2024) Unlocking
environmental harmony through export
earnings: exploring the impact of remittances
and infrastructure growth.
Front. Environ. Sci. 12:1388056.
doi: 10.3389/fenvs.2024.1388056

COPYRIGHT

© 2024 Yi and Qamruzzaman. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Abbreviations: ARDL, autoregressive distributed lag; BPG, Breusch–Pagan–Godfrey; CO2, carbon
dioxide; CS-ARDL, cross-sectionally augmented autoregressive distributed lag; DCP, domestic credit
to private sector; EKC, environmental Kuznets curve; EE, export earning; EF, ecological footprint; ES,
environmental sustainability; FDI, foreign direct investment; IFD, infrastructural development; J-B,
Jarque–Bera; NARDL, nonlinear autoregressive distributed lag; REM, remittances; TI, technological
innovation; TY, Toda and Yamamoto; VAR, vector autoregression.

Frontiers in Environmental Science frontiersin.org01

TYPE Original Research
PUBLISHED 24 October 2024
DOI 10.3389/fenvs.2024.1388056

https://www.frontiersin.org/articles/10.3389/fenvs.2024.1388056/full
https://www.frontiersin.org/articles/10.3389/fenvs.2024.1388056/full
https://www.frontiersin.org/articles/10.3389/fenvs.2024.1388056/full
https://www.frontiersin.org/articles/10.3389/fenvs.2024.1388056/full
https://www.frontiersin.org/articles/10.3389/fenvs.2024.1388056/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2024.1388056&domain=pdf&date_stamp=2024-10-24
mailto:zaman_wut16@yahoo.com
mailto:zaman_wut16@yahoo.com
https://doi.org/10.3389/fenvs.2024.1388056
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2024.1388056


infrastructural development play critical roles in economic progress, their
environmental implications require careful management to ensure long-term
sustainability.
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remittances, environmental sustainability, environmental Kuznets curve, autoregressive
distributed lag, nonlinear autoregressive distributed lag

1 Background of the study

Prioritizing environmental sustainability (ES, hereafter) is of
utmost importance for Bangladesh’s economic advancement as it
strives to attain the Sustainable Development Goals (SDGs) (Hasan
et al., 2023; Hasan et al., 2022); thus, attaining these global objectives
requires a careful equilibrium between promoting economic growth
and protecting the environment (Hasan et al., 2019; Uddin and
Jeong, 2021). Bangladesh encounters distinctive obstacles, including
its susceptibility to climate change and the imperative of offering
assistance to a densely populated nation. The importance of ES
cannot be overstated as it directly impacts not only the global
ecosystem but also the long-term stability and resilience of
Bangladesh’s economy. Considering the urgent issues related to
air and water pollution, deforestation, and climate change, it is
crucial to integrate sustainable practices into economic policies.
Emphasizing sustainability not only protects the country’s diverse
wildlife but also has a significant impact on enhancing the wellbeing
of its population, addressing challenges like poverty, hunger, and
health. These aspects play a crucial role in the attainment of the
SDGs. Advocating for ES is of utmost importance for Bangladesh as
it brings about benefits to the ecosystem and plays a significant role
in driving economic growth and fulfilling global obligations.

In recent years, Bangladesh has experienced a significant
increase in remittances, which have played a vital role in
bolstering its economy (Amit and Kafy, 2024; Shah and Wani,
2024). These financial inflows from overseas workers have become
an essential source of income for the country. Simultaneously, the
nation has been diligently striving to boost its export earnings (EEs),
enhance its infrastructure, and address pressing concerns regarding
environmental sustainability. Understanding the intricate
connections between these components is crucial for crafting
policy frameworks that foster economic growth while also
guaranteeing environmental sustainability. The impact of
remittances (REM) on ES can be both positive and negative.
Existing literature has suggested that remittances have the
potential to mitigate environmental pollution, whereas economic
growth may contribute to higher levels of pollution (Dash et al.,
2024; Mills, 2023; Li et al., 2022a). REM have the potential to be
valuable sources of funding for climate change adaptation and
resilience building in developing nations (Ahmad et al., 2022).
The ecological footprint (EF) in certain countries can be
influenced by remittance inflows, with their impact on
environmental quality being shaped by factors like technical
innovation (TI) and financial development (Sunge and
Mudzingiri, 2023; Maduekwe and Adesina, 2022; Yang et al.,
2021). It is crucial to ensure the appropriate allocation of REM
in order to achieve environmental sustainability. Nevertheless, REM
often lack a focus on sustainable development and may even

contribute to environmental degradation (ED) (Ahmad et al.,
2019a; Choumert et al., 2015).

Adopting sustainable practices may result in cost savings due to
their lower energy and resource requirements, greater efficiency, and
decreased waste generation (Sharma et al., 2022). Additionally,
sustainable practices enable firms to adhere to environmental and
social regulations in several countries, thus avoiding potential
difficulties. In 2018, the United States had a significant range of
sustainable exports, such as waste and scrap materials, air pollution
control equipment, environmental monitoring and analysis
equipment, water treatment technology, and renewable energy
technologies (Trinh et al., 2022). Improving the caliber of exports
via the adjustment of the energy composition and transportation
techniques may foster a more environmentally sustainable condition
(Cutcu et al., 2023). Wang X. et al. (2023) postulated that
incorporating sustainable practices in the supply chain may
effectively reduce the ecological impact and result in financial
benefits. Moreover, Henk (1999) revealed that enforcing
environmental regulations may have a significant impact on
reducing the export of dangerous items and encouraging the
export of ecologically sustainable commodities from developing
countries. Consequently, EEs may greatly contribute to the
attainment of enduring environmental sustainability. Utilizing
sustainable goods can have favorable effects on several fronts,
including safeguarding the environment, optimizing the use of
natural resources, promoting economic diversification, fostering
employment opportunities, and alleviating poverty in
economically disadvantaged rural regions of developing nations
(Huang and Wu, 2022; Zhou et al., 2022). Environmental rules
may have an effect on export commerce, with both favorable and
unfavorable consequences. Multiple studies have shown that the
enforcement of environmental standards may significantly enhance
the expansion of export commerce (Wang S. et al., 2023; Khan et al.,
2023; Damrah et al., 2022). Moreover, the implementation of
efficient environmental legislation may stimulate innovation and
compel businesses to improve their goods, thus enhancing their
comparative advantages and overall competitiveness (Sharma et al.,
2022). Wan et al. (2022) showed that the enforcement of stringent
environmental restrictions may reduce the competitive advantage of
certain goods.

The study is based on the recognition that these essential
components—remittances, export earnings, infrastructural
development, and environmental sustainability—are
interconnected in a complex way. As Bangladesh undergoes
economic transformations, it is essential to comprehend the
impact of REM on export earnings, their role in infrastructure
development, and the subsequent implications for environmental
sustainability. By conducting a thorough analysis of these
interconnections, the study seeks to provide valuable insights that
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can assist decision-makers, scholars, and other interested individuals
in comprehending the potential synergies or conflicts that emerge
when reconciling economic growth and environmental
preservation.

The findings of this study hold significant implications for the
formulation of policies in Bangladesh through the support of
evidence-based insights into the intricate connections among
remittances, export profits, infrastructure development, and
environmental sustainability. The study aims to offer guidance to
policymakers in promoting strategies that successfully balance
economic development and environmental conservation. This
objective aligns with Bangladesh’s dedication to achieving the
Sustainable Development Goals. Furthermore, the findings of the
study could have a significant impact on investor confidence,
encouraging the adoption of a comprehensive approach that
attracts investments from companies looking for ethical and
environmentally conscious business environments. From a
technical standpoint, this study helps uncover intricate
connections and provides a foundation for future investigations.
The global importance of this study extends to emerging economies,
offering insights that could help countries facing similar challenges
in their pursuit of fair and sustainable development.

The study aims to answer the following research questions
through empirical assessment:

RQ1. To what extent does the environmental Kuznets curve
(EKC) theory apply in Bangladesh in relation to remittances,
export earnings, and infrastructural development?
RQ2. What are the implications of remittances, export earnings,
and infrastructural development on environmental sustainability
in Bangladesh?
RQ3. How can the nexus between remittances, export earnings,
infrastructural development, and environmental sustainability in
Bangladesh be further strengthened or improved?

This study seeks to address three significant research gaps,
contributing to the existing body of knowledge by providing a
more comprehensive understanding of the intricate connections
between remittances, export earnings, infrastructural development,
and ES in Bangladesh.

First, this study aims to fill a crucial research gap by offering a
thorough understanding of how remittances, export earnings,
infrastructural development, and ES interact in the unique
context of Bangladesh. Previous research often focused on
isolated aspects, neglecting the complex interrelationships
between these factors. This study seeks to offer a comprehensive
analysis, emphasizing the interconnections and potential trade-offs,
to provide researchers and policymakers with a more
holistic viewpoint.

Second, many studies have extensively explored the impact of
REM and export earnings on economic development.
Unfortunately, there is a significant dearth of research that offers
policymakers precise direction on crafting strategies that achieve a
harmonious equilibrium between economic growth and
environmental sustainability. This study seeks to address a gap in
current research by providing evidence-based findings that can
inform policy decisions. It presents a clear pathway to achieve
sustainable development goals by integrating remittances, export

earnings, and infrastructural development while also considering the
significance of environmental sustainability.

Third, this study also provides a valuable contribution to
addressing a significant research gap that is relevant on a global
scale. Although existing studies have examined economic
development and ES in various countries, there is a need for
research that transcends national boundaries and provides
insights applicable to a broader array of developing economies.
This study offers valuable insights and lessons that can be applied to
other countries grappling with similar challenges, making it a
noteworthy contribution to the field of global sustainable
development.

The remainder of this paper is structured as follows: Section 2
deals with hypothesis construction and a survey of pertinent studies;
the data and methods of the study are explained in Section 3; the
estimation and interpretation of empirical models are given in
Section 4; study findings, discussion, and policy implications
based on the findings are reported in Section 5; and the
conclusion and policy suggestions are given in Section 6.

2 Literature review, hypothesis
development, and research gap

2.1 Remittances and environmental
sustainability

Lin and Qamruzzaman (2023) and JinRu et al. (2023) exposed a
significant correlation between REM and CO2 emissions, which
discovered an intriguing mechanism of interaction, where
households that receive REM have a tendency to invest in
indulgent items like new vehicles and home equipment that,
in turn, result in greater fuel combustion and energy
consumption, which ultimately leads to an increase in carbon
emissions. Li et al. (2022b) discovered that the increase in REM
had a detrimental effect on the environmental quality in India.
Dash et al. (2024) revealed that REM have a positive influence on
the living conditions of households. Consequently, these
households have a tendency to buy items that consume a
significant amount of energy, resulting in an increase in CO2

emissions. The literature survey highlights the significance of
acquiring a thorough comprehension of the link between REM
and CO2 emissions. It emphasizes the importance of considering
the specific situations and policy actions taken in different
countries. Furthermore, REM frequently lack a strong
emphasis on sustainable development and could potentially
contribute to environmental degradation. Therefore, it is
essential to prioritize the long-term viability of investments
through the strategic diversification of revenue streams. For
Pakistan, through the execution of nonlinear autoregressive
distributed lag (NARDL) for the period 1980–2018, Ahmad
et al. (2022) revealed a positive linkage toward the injection of
CO2 in the ecosystem both in the long- and short-run assessment.
The study established that the inflows of REM intensify the trend
of CO2 emissions, while the negative shock in REM supports ES
both in the long and short run. A similar line of finding was
obtained by Brown et al. (2020) for Jamaica, Karasoy (2021) for
the Philippines, and Ahmad et al. (2019a) for China.
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Rani et al. (2023) in SAARC economies documented that
households receiving REM often experience lifestyle changes as
they prioritize consumption and spend more money. This
increase in income from REM can result in higher spending on
energy-intensive goods and services, impacting the environment. In
sub-Saharan Africa, without specific guidelines or policies,
remittance money may not be used for environmentally friendly
or sustainable investments. Instead, it could be invested in
traditional sectors that could negatively impact the environment
(Ali et al., 2022). Recipients of REM have the option to embrace
modern technologies, which can have an impact on the
environment. The ownership of electronic devices, vehicles, and
other modern conveniences can lead to higher energy consumption
and electronic waste (Shittu et al., 2021). In Bangladesh, enhancing
the living standards by REM may lead to more investment in
environmental education, which can help raise awareness and
encourage sustainable practices (Sikder and Higgins, 2017). REM
can fund conservation initiatives, like planting trees or preserving
biodiversity, which promotes a more sustainable environment (Ruba
and Talucder, 2023). People who receive REM can use the finances
to start environmentally sustainable businesses, enabling green
industries to grow (Mills, 2023). In GCC countries, REM can
lead to changes in land use, like deforestation or the conversion
of agricultural lands, which can impact the natural environment
(Aloqab et al., 2023).

However, the association between REM and ES in Bangladesh
also has negative aspects . Remittance-driven economic growth may
lead to rapid urbanization and infrastructure development, harming
the environment and destroying natural habitats (Serageldin, 2016).
Without regulations to control industrial emissions and waste
disposal, the economic growth driven by REM could lead to
water and air pollution (Nandy, 2023). A group of researchers
have confirmed the contributive role of REM in attaining the ED
through CO2 emission control. For instance, by taking the top eight
REM recipient nations, Islam (2022), with the implementation of the
PGM and DH causality test, revealed that the positive and negative
shocks of REM foster the ED through the mitigation of CO2

emissions both in the long and short run. Based on the literature,
this study hypothesizes that

H1: There is a positive association between inflows of remittance
and environmental degradation.

2.2 Export earnings and environmental
sustainability

The impact of global trade on carbon emissions is a multifaceted
issue, encompassing factors beyond the emissions produced during
manufacturing and international transit (Wang et al., 2020; Gao
et al., 2021). Trade plays a significant role in shaping the
geographical distribution of output, which consequently impacts
the level of emissions. The variability in emissions depends on the
carbon intensity of production in different regions. Highlighting the
significance of trade, it is crucial to note its pivotal role in spreading
green technologies and facilitating the shift toward low-carbon
economies (Derindag et al., 2023; Chhabra et al., 2023; Bagadeem
et al., 2024). Nevertheless, Rahman et al. (2023) postulated that an

increase in exports, coupled with significant economic benefits,
could potentially result in a significant increase in carbon
emissions, potentially impeding synchronized economics. A
significant portion of global CO2 emissions can be attributed to
international trade. Significantly reducing these emissions is crucial
to achieving climate change mitigation goals. The trade sector has
the potential to greatly expedite the spread and adoption of clean
technology and environmentally friendly goods and services. Export
plays a crucial role in fostering innovation in clean technologies
within the industrial sectors of developing nations (Galvan et al.,
2022; Wu et al., 2021). Jiao et al. (2021) revealed that export offers
the advantages of economies of scale, increased efficiency, and access
to skills and information, thereby creating and strengthening
incentives for innovation. In certain countries, exports have a
varying impact on carbon dioxide emissions, with some nations
experiencing a positive contribution while others observing a
negative influence. Therefore, the influence of export revenues on
CO2 emissions is influenced by various factors, such as the carbon
intensity of industries, technological advancements, and the nature
of trade flows.

The correlation between export revenues and CO2 emissions,
along with its impact on environmental sustainability, is a
multifaceted and intricate matter. Although the increase in
export profits may lead to increased economic activity and
energy consumption, potentially resulting in higher CO2

emissions, it is important to recognize that export earnings can
also contribute to the promotion of environmental sustainability
(Zhou et al., 2022). Hassan et al. (2022) indicated that exporting can
result in higher investments in pollution control measures and the
implementation of more efficient manufacturing processes to
address emissions. In addition, Shannak and Contestabile (2022)
postulated that the increased market access enabled by free trade has
the potential to lower production expenses for environmentally
friendly products and offer cost advantages through economies of
scale. In addition, research indicates that companies engaged in the
export of goods tend to have reduced levels of pollution compared to
non-exporting organizations. In addition, the process of trade
liberalization may encourage exporters to allocate extra resources
toward reducing pollution. Therefore, it is important to consider
that the increase in CO2 emissions is influenced by various factors
despite its connection to export revenues. In addition, there are
potential ways to ensure that the progress resulting from exports is
in line with the objectives of ES (Wu et al., 2018).

Studies have shown that export revenues and investments made
during the quality upgrading process can impact carbon dioxide
emissions levels (Fang et al., 2019; Apergis et al., 2018).
Furthermore, it has been found that certain economies are
affected by carbon dioxide emissions resulting from exports.
Research has indicated that the presence of export products can
significantly influence the amount of CO2 emissions in developed
countries, both in the short and long run. Research has shown that
the impact of carbon taxes on exports can be mitigated by reductions
in payroll and other factors, effectively balancing out the higher
production costs. Typically, international trade has a significant
impact on CO2 emissions. Efforts are constantly being made to
assess the effects and analyze the potential benefits of regulating CO2

emissions from shipping. Based on the existing literature, the study
hypothesized that
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H2: There is a positive association between export earnings and
environmental degradation.

2.3 Infrastructural development and
environmental sustainability

The importance of infrastructural development for economic
sustainability is well documented in the literature, particularly in
relation to economic progress, industrial development (Worika
and Umofia, 2017), the inflow of foreign direct investment (FDI),
and improved living standards. Regarding environmental
degradation, the impact of infrastructure development (IFD)
has also been noted. The concept of sustainable infrastructure
is crucial for long-term economic, social, and environmental
benefits. Sustainable infrastructure involves the planning and
implementation of various elements, such as roadways,
buildings, energy systems, and water infrastructure, with a
focus on considering the economic, social, and environmental
impacts (Thacker et al., 2019). Achieving global climate objectives,
Sustainable Development Goals, and a strong and resilient global
economy are crucial. Sustainable infrastructure systems are known
for their holistic approach to the entire life cycle, from planning
and design to construction, operation, and decommissioning
(Invernizzi et al., 2020). This approach ensures that the
infrastructure remains sustainable in the long run, taking into
account factors such as economic and financial viability, social
impact, environmental considerations, and institutional support
throughout its entire life cycle (Artmann et al., 2019). However, it
is important to recognize that although sustainable infrastructure
can offer economic, social, and environmental benefits, it demands
a significant financial investment. To ensure the development of
suitable infrastructure, policymakers need to create long-lasting
strategies for sustainable national infrastructure systems, guided
by the SDGs, and devise adaptable plans that can efficiently
accomplish their goals (Qureshi, 2016). Therefore, it is of
utmost importance to place a high priority on investing in
sustainable infrastructure at this time, considering the
simultaneous challenges posed by climate change, a global
economic downturn, and the imperative to address inequalities
that disproportionately affect the most vulnerable communities
(Boyce, 2019).

In Bangladesh, strategic planning can result in investments in
eco-friendly infrastructure, including sustainable transportation
systems, urban development, and energy-efficient buildings
(Abdullah-Al-Mahbub et al., 2022). Infrastructural development
may involve implementing renewable energy projects, which can
lower the dependence on non-renewable energy sources and reduce
carbon emissions (Islam et al., 2022). Upgraded infrastructure can
help create effective waste management systems, like recycling
facilities and waste-to-energy technologies, which can reduce
pollution (Roy et al., 2022). Thoughtfully designed infrastructure
projects can also include restoring ecosystems, like reforestation
programs and rehabilitating damaged landscapes (Ota et al., 2020).
Infrastructure development can focus on creating sustainable
transportation networks, such as public transit systems and bike
lanes, to decrease the dependence on private vehicles and limit air
pollution (Haque et al., 2020).

The negative aspects of the relationship between
infrastructural development and ES in Bangladesh are also
visible. Large infrastructure projects can cause land use
changes and destroy habitats, harming biodiversity and
disrupting local ecosystems (Rahman, 2015). If proper
environmental assessments and measures are not taken,
construction activities related to infrastructure development
can lead to air and water pollution (Kabir and Khan, 2020).
Certain types of infrastructure, especially those that use a lot of
energy, can contribute to higher carbon emissions and
environmental damage (Raihan et al., 2022). Infrastructure
projects can result in deforestation for construction materials,
negatively affecting natural habitats and ecosystems (Hasnat
et al., 2018). Infrastructure development can disrupt water
bodies in areas with abundant water and impact aquatic
ecosystems and water quality (Sohel et al., 2015). Based on the
existing literature, the following hypothesis was formulated:

H3: Infrastructural development and environmental
sustainability are adversely associated.

2.4 Technological innovation and
environmental degradation

The emphasis on technical innovation in contemporary
literature arises from its capacity to stimulate economic
expansion and foster ecological sustainability (Song et al., 2019).
Nabila et al. (2022) emphasized the significance of prioritizing TI to
maximize the use of natural resources and stimulate economic
expansion. TI enables nations to address the difficulties posed by
limited resources resulting from population expansion while also
maintaining environmental integrity. Furthermore, state-of-the-art
environmental technologies have can stimulate economic expansion
while simultaneously reducing CO2 emissions (Balcilar et al., 2023;
Sharif et al., 2023). Conversely, the development of financial
inclusion may inadvertently bolster companies that contribute to
pollution and excessively utilize energy, thus potentially resulting in
adverse environmental implications. However, technological
progress in the industrial sector, together with enhancements in
reprocessing, adoption, and recycling techniques, maymitigate these
negative consequences. Consequently, this fosters the conservation
of the environment and enables advancements in the economy and
society (de Vries and Ferrarini, 2017; Li and Qamruzzaman, 2023).

The significance of the effect of technological innovation on
environmental footprints (EFs) is crucial although there is a dearth
of thorough empirical information examining this impact.
Although there have been studies examining the relationship
between technology, innovation, and environmental quality,
only a limited number of studies have considered the combined
influence of innovation and research and development (R&D) on
environmental quality. Furthermore, the bulk of research has
mostly focused on carbon emissions as the main environmental
measure (Awaworyi et al., 2019). Recent discoveries have shed light
on the relationship between the progress of infrastructure, the
development of environmentally friendly technologies, and their
influence on material consumption. Razzaq et al. (2021) showed a
significant association between the progress of infrastructure via
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the use of cutting-edge green technology and the material
footprint. Ke et al. (2022) discovered in a recent study that
progress in green technology innovation has the potential to
greatly reduce environmental footprints in metropolitan
regions. Furthermore, Ahmed Z. et al. (2022) and Liu et al.
(2022) underscored the critical significance of technological
innovation in reducing environmental footprints. Nabila et al.
(2022) also demonstrated its substantial influence in mitigating
environmental contamination.

In Bangladesh, renewable energy technologies like solar, wind,
and hydroelectric power benefit the environment by reducing
reliance on fossil fuels, decreasing greenhouse gas emissions, and
combating climate change (Baky et al., 2017). Improvements in
energy efficiency across different sectors, such as manufacturing,
transportation, and buildings, positively impact the environment. By
consuming less energy, carbon emissions are reduced, and natural
resources are preserved (Reza et al., 2017). Advancements in
precision agriculture, sensor-based farming, and data analytics
lead to more sustainable and efficient farming practices. Smart
farming optimizes resource usage, minimizes environmental
harm, and improves productivity (Hossain and Islam, 2022).
Innovations in waste management, including recycling processes
and waste-to-energy systems, contribute to environmental
sustainability. These technologies reduce the volume of waste
sent to landfills, promote recycling, and generate cleaner energy
from waste (Roy et al., 2022). These, in turn, reduce environmental
degradation.

However, there are also some situations where TI indeed
degrades the environment and hampers sustainability in
Bangladesh. Extracting resources for specific innovations can
lead to habitat destruction and deforestation. For instance,
mining activities for rare earth metals and minerals used in
technology can also harm soil and biodiversity (Siddique et al.,
2020). Industrial innovations, such as manufacturing processes,
can contribute to pollution if not managed sustainably (Raihan
et al., 2022). Additionally, certain high-energy technologies
like data centers and artificial intelligence can increase carbon
emissions and have a significant environmental impact (Ahmed F.
et al., 2022). It is important to note that recent research has
shown inconsistent and inconclusive findings about the impact
of technology improvements on environmental sustainability.
Further investigation is required to obtain a thorough
comprehension of the complex relationship between
technological progress and its effects on the environment. This
should include the consideration of a broader range of
environmental indicators and the incorporation of numerous
contextual elements. A summary of literature surveys is given
in Table 1.

H4: Technological innovation (TI) fosters environmental
sustainability

2.5 Gap in the existing literature

No study has yet explored the nexus between remittances, export
earning, and ES in a single equation although very few studies have
examined these factors in a scattered manner.

In a case such as Bangladesh, the potentials effects of REM and
export earning on CO2 and ecological footprint are yet to be
extensively investigated.

2.6 Theoretical foundation of the study

The theoretical framework of the study “Unlocking
environmental harmony through export earnings: exploring the
impact of remittances and infrastructure growth” is based on
several key economic and environmental theories. These theories
provide a foundation for understanding the complex relationships
between economic growth, environmental sustainability, and
remittances in Bangladesh.

The study draws upon the EKC hypothesis, which posits that as
an economy grows, environmental degradation increases up to a
certain point, after which it begins to decrease (Yang et al., 2021; Yin
and Qamruzzaman, 2024; Qamruzzaman, 2024; Wang et al., 2024).
This framework can help analyze the relationship between export
earnings and environmental impacts in different stages of economic
development. The EKC hypothesis suggests that economic growth
initially leads to environmental degradation, but as the income per
capita increases, the environmental quality improves. This theory is
crucial in understanding how Bangladesh’s economic trajectory,
influenced by remittances and exports, might follow this pattern.
Remittances could be theorized to impact environmental outcomes
through several pathways. According to the New Economics of
Labor Migration (NELM), remittances can either alleviate financial
constraints on environmental investments or, alternatively, increase
consumption, thereby contributing to environmental degradation
(Li et al., 2022a). The study could explore how remittances influence
household capacity to invest in environmentally sustainable
technologies or practices. Remittances have been identified as a
vital source of foreign capital, which can have a significant positive
influence on numerous economies, including foreign direct
investment, technological innovation, and economic growth.
However, remittance inflows have also been found to increase
environmental degradation in some cases, particularly through
their impact on energy utilization and industrial production. The
theory of ecologically unequal exchange (EUE) can be used to
analyze how infrastructure growth, facilitating industrialization,
might lead to environmental degradation through the extraction
and export of natural resources (Ahmad et al., 2019a). This theory
helps in understanding the environmental costs transferred from
developing to developed countries. The study could investigate how
the growth of export-oriented industries in Bangladesh, facilitated
by remittances and infrastructure development, affects
environmental sustainability. The adoption of new technologies
and innovation in these industries becomes crucial for reducing
per-unit environmental impacts.

In summary, the theoretical framework of the study integrates
various economic and environmental theories to provide a
comprehensive understanding of the relationships between
economic growth, environmental sustainability, and remittances
in Bangladesh. The framework guides the analysis of how
remittances and export earnings influence environmental
outcomes and how infrastructure development and
industrialization impact environmental sustainability.
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TABLE 1 Summary of the literature survey.

Author Nation (period) Methodology REM ER ID TI

Bagadeem et al. (2024) China (2011–2021) Threshold regression approach +

Rani et al. (2023) SAARC (1990–2020) FMOLS, DOLS, and FE-OLS −

Raihan et al. (2023) Thailand (1990–2020) ARDL and DOLS −

Wang and Li (2023) Global economies 49 academic studies −

Nandy (2023) Bangladesh Econometric models −

Hosan et al. (2023) Emerging Asian countries (1985–2015) CS-ARDL −

Li and Yang (2023) India, Bangladesh, Pakistan, and Sri Lanka
(1988–2021)

AMG −

Ruba and Talucder (2023) Bangladesh Online electronic journal databases +

Aloqab et al. (2023) GCC countries (2001–2019) ARDL −

Galván et al. (2022) South America Optimization model +

Hassan et al. (2022) China (1987–2019) Markov-switching equilibrium correction model +

Shannak and Contestabile
(2022)

Qatar (1970–2018) FMOLS +

Islam et al. (2022) Bangladesh (1990–2019) Dynamic Autoregressie Distributed Lagged +

Roy et al. (2022) Bangladesh Econometric models +

Hossain and Islam (2022) Bangladesh (1961–2018) Econometric models +

Ali et al. (2022) Sub-Saharan Africa (1996–2016) GMM −

Abdullah-Al-Mahbub et al.
(2022)

Bangladesh (2003–2022) Econometric models +

Ahmad et al. (2022) Pakistan (1980–2018) ARDL and NARDL +

Ahmed et al. (2022a) Bangladesh Econometric models −

Roy et al. (2022) Bangladesh Comprehensive method +

Raihan et al. (2022) Bangladesh (1990–2019) ARDL and DOLS −

Islam (2022) BDG, CHN, NEG, and EGY PGM and D-H causality −

Raihan et al. (2022) Bangladesh Econometric models −

Shittu et al. (2021) Bangladesh Econometric models −

Wu et al. (2021) Japan and China (2007–2015) +

Yang et al. (2021) Brazil, India, China, and South Africa
(1990–2016)

DSUR and D-H causality + −

Karasoy (2021) Philippine ARDL and NARDL +

Brown et al. (2020) Jamaica ARDL and NARDL +

Kabir and Khan (2020) Bangladesh EIA −

Siddique et al. (2020) Bangladesh Econometric models −

Ota et al. (2020) Bangladesh Econometric models +

Ahmad et al. (2019a) China ARDL and NARDL +

Apergis et al. (2018) 19 developed (high-income) economies
(1962–2010)

ARDL −

Hasnat et al. (2018) Bangladesh Econometric models −

Sikder and Higgins (2017) Bangladesh Qualitative study +

Reza et al. (2017) Bangladesh Econometric models +

(Continued on following page)
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3 Data and methodology of the study

3.1 Model specification

The relationship between remittances, export earnings,
infrastructural development, and ES is complex and vital in
Bangladesh. From 1980 to 2020, Bangladesh experienced
significant changes in its economy, global connections, and
environmental challenges. REM from the Bangladeshi diaspora
and export earnings are crucial for the country’s economy.
Infrastructural development, particularly transportation and
energy, is essential for economic growth. However, the
sustainability of this growth is closely tied to environmental
concerns as Bangladesh is vulnerable to climate change. This
research aims to understand the connections between
remittances, export earnings, infrastructural development, and ES
to inform policy decisions and sustainable development in
Bangladesh. This research proposes the following empirical model:

CO2t ∫REMt, ERt, IFDt, (1)

EFt ∫REMt, ERt, IFDt. (2)

To ensure the consistency and reliability of our results and
facilitate interpretation, we transformed all variables in our study
into their natural logarithmic forms, except for the TI and economic
growth variables. This transformation is supported by previous
research and allows us to capture the relationships among REM,
export earnings (ER), infrastructural development (IFD),
environmental sustainability (CO2), TI, and economic growth (Y)
in our empirical model. Additionally, referring to the existing
literature, the study extended Equation 1, 2 with the EKC

framework and added technological innovation as a control
variable. The revised (Equation 3) is as follows:

CO2t ∫REMt, ERt, IFDt, TIt, Yt, Y
2
t . (3)

After the natural logarithm transformation, the above equation
can be rewritten into the following regression (Equation 4):

CO2t � β0 + β1REMt + β2EEt + β3IFDt + β4TIt + β5Yt + β6Y2
t

+ εt,

(4)
where CO2 emissions are denoted by (CO2t) and various

independent variables include remittances (REM_t), export
revenue (EEt), infrastructural development (IFDt), technological
innovation (TIt), income (Yt), and income squared (Y2

t ).
β0 represents the intercept, β1–β6 represent the coefficients of
the respective independent variables, and ε_t represents the error
term for details of the research varibables with proxy and data
sources, see Tables 2, 3.

EFt ∫REMt, ERt, IFDt, TIt, Yt, Y
2
t . (5)

After the natural logarithm transformation, the above equation
can be rewritten into the following regression equation:

EFt � β0 + β1REMt + β2ERt + β3IFDt + β4TIt + β5Yt + β6Y2
t

+ εt,

(6)
where environmental sustainability is denoted by (EFt) and

various independent variables include remittances (REMt), export
revenue (ERt), infrastructural development (IFDt), technological

TABLE 1 (Continued) Summary of the literature survey.

Author Nation (period) Methodology REM ER ID TI

Baky et al. (2017) Bangladesh Econometric models +

Serageldin (2016) Bangladesh Econometric models +

Rahman (2015) Bangladesh Direct interviews, questionnaires, and side observation of
concerned individuals

−

TABLE 2 Measurements of variables and expected signs.

Variable Notation Definition Expected sign

Environmental sustainability CO2 Carbon dioxide (CO2) emissions per capita

EF Ecological footprint per gha

Remittances REM Total remittances received as a percentage of GDP +

Export earnings ER Total export earnings as a percentage of the GDP Export diversification index +/−

Infrastructural development ID Infrastructure investment as a percentage of GDP +/−

Technological innovation TI Patent −

Economic growth Y GDP per capital +
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innovation (TIt), GDP (Yt), and GDP squared (Y2
t ). β0 represents

the intercept, β1–β6 represent the coefficients of the respective
independent variables, and ε_t represents the error term.

3.2 Description of the data

The data used in this study cover the period from 1990 to 2020,
encompassing significant economic and social changes globally and in
Bangladesh spanning four decades. They highlight the increase in
international migration and remittances, changes in trade policies
and globalization, infrastructural development, ES concerns, policy
changes and events, and long-term trends and patterns. The analysis
aims to understand the impact of these factors on the economy and the
environment in Bangladesh. For this study, we used the following data.

3.2.1 Remittances
The first explanatory variable, REM, is important for Bangladesh’s

economic development as many of its citizens work abroad, especially
in the Middle East, and send money back home. This serves as a
source of foreign exchange, helps alleviate poverty, and contributes to
overall economic stability (Akter, 2016). Referring to the existing
literature, the inflows of REM might adversely induce the ES through
excessive conventional energy consumption and urbanization effects.
Thus, it is anticipated that the sign of the REM coefficients in the
empirical estimation is negative (-ve).

3.2.2 Export earnings
This is used as the second explanatory variable, which plays a

crucial role in the economy of Bangladesh as it heavily relies on the
exports of goods like garments, textiles, and agricultural products.
These earnings contribute significantly to the country’s GDP and
foreign exchange reserves. Fluctuations in export earnings can
indicate changes in global demand, trade policies, and the
competitiveness of the country’s exports (Islam, 2019).

3.2.3 Infrastructural development
This is used as an additional explanatory variable. Infrastructure

development is crucial for economic growth and development in
Bangladesh. It involves constructing roads, bridges, ports, and energy
facilities. Enhancing infrastructure can boost productivity, connectivity,
and the overall quality of life of the people (Rahman et al., 2014).

3.2.4 Environmental sustainability
This is the main dependent variable. In Bangladesh, ES is crucial

due to the country’s vulnerability to climate change and its potential
effects on agriculture, water resources, and coastal areas. It is important
to balance economic development with environmental conservation for
the wellbeing of the population in the long run (Hoque et al., 2019).

3.2.5 Environmental Kuznets curve
The environmental Kuznets curve proposes that environmental

degradation initially increases with economic development but
eventually decreases as income levels increase and environmental
regulations become more stringent (Dinda, 2004). The EKC
framework can be used to analyze the relationship between
economic development in Bangladesh and its impact on
environmental sustainability.

3.3 Estimation strategies

We selected the model proposed by Pesaran et al. (2001) due to
the following justifications: one primary rationale is that the
integration orders of our series are distinct, denoted as I (0)
and I (1). The error correction model enables the integration of
short-term dynamics and long-term effects, which is the
second reason.

Δ lnCO2t � α0 +∑
t

i�1
βiΔ lnCO2t−i+∑

t

i�1
ρiΔ lnREMt−i +∑

t

i�1
φiΔ lnEEt−i

+∑
t

i�1
ωiΔ lnIFDt +∑

t

i�1
ΦiΔ lnYt−i +∑

t

i�1
ΦiΔ lnY2

t−i

+ π1 lnREMt−i +π2 lnERt−1 +π3 lnIDt−1 +π4 lnTIt−1
+ π5 lnYt−1 +π5 lnY2

t−1 + εt,
(7)

EF2t � α0 +∑
t

i�1
βiΔ lnEF2t−i+∑

t

i�1
ρiΔ lnREMt−i +∑

t

i�1
φiΔ lnEEt−i

+∑
t

i�1
ωiΔ lnIFDt +∑

t

i�1
ωiΔ lnIFDt +∑

t

i�1
ΦiΔ lnYt−i

+∑
t

i�1
ΦiΔ lnY2

t−i +π1 lnREMt−i +π2 lnERt−1 +π3 lnIDt−1

+ π4 lnTIt−1 +π5 lnYt−1 +π6 lnY2
t−1 + εt.

(8)
The long-run relations in the empirical Eq () and () to be

assessed with the execution of the following equation with a null
of no-cointegration.

Pesaran et al. (2001) and Sam et al. (2019) each presented a
unique set of asymptotic critical values in their respective research
articles. The first set had regressors with an I (1) level, while the second
set had regressors with an I (0) level. If there is no notable distinction
between the absolute lower-bound critical value and the F-test statistic
or t-test statistic, then it would not be possible to reject the null
hypothesis of “no long-run connection.” Both of these conditions
must be met. Consequently, it became increasingly likely that the
variables in the study were not connected. If the F-test statistic value
or the t-test statistic absolute value exceeds the upper-bound
critical value, it can be concluded that the null hypothesis is
false. Whether the null hypothesis is rejected or not depends on
both of these circumstances. We successfully fulfilled both of these
criteria. There were clear connections between the variables over
an extended duration, as demonstrated. Finally, if the value of the
test statistic was neither lower nor higher than the two crucial
values, suggesting that the value lay somewhere in the middle, then
the conclusion about the long-run correlations between the
variables was equivocal.

The short-term models are denoted by Equation 9 and Equation
10 below, where θi represents the long-run equilibrium adjustment
speed after the short-run shock or error correction term.

Δ ln CO2,t � β0 +∑
t

i�1
βiΔ ln REMt−i +∑

t

i�1
ρiΔ ln EEt−i

+∑
t

i�1
φiΔ ln IFDt−i +∑

t

i�1
ωiΔ ln TIt−i +∑

t

i�1
ΦiΔYt−i

+ θiECTt−i + εt, (9)
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Δ ln EFt � β0 +∑
t

i�1
βiΔ ln REMt−i +∑

t

i�1
ρiΔ ln EEt−i +∑

t

i�1
φiΔ ln IFDt−i

+∑
t

i�1
ωiΔ ln TIt−i +∑

t

i�1
ΦiΔYt−i +∑

t

i�1
ΦiΔY2

t−i + θiECTt−i

+ εt.
(10)

In the recent literature, the application of an asymmetric
framework has been extensively used in effective policy
formulation (Li and Qamruzzaman, 2022; Xia et al., 2022; Xu
et al., 2021; Lingyan et al., 2021). The asymmetric framework
assists in exploring the elasticity of explanatory variables through
the decomposition of positive and negative shocks, which reveals
fresh evidence over conventional relations. Nevertheless, it
overlooks the asymmetric relationship that exists among the sub-
study series. This further elucidates the rationale behind our
decision to use the non-linear autoregressive distributed lag
(ARDL) model in our research, which additionally obviates the
need for sequential integration of all variables. Our methodology
drew inspiration from that of Shin et al. (2014). Equation 2, as
mentioned earlier, can be expressed as follows:

InCO2t � β0 +β1InREM+
t +β2InREM−

t +β3InER+
t +β4InER−

t

+ β5InID
+
t +β6lnID−

t +β7lnTI+t +β8lnTI−t +β8lnY+
t

+ β8lnY
−
t + εt,

(11)
where ln REM+

t and ln REM
−
t ; ln ER+

t and ln ER
−
t ; and

ln IFD+
t and ln IFD

−
t are the decomposed variables of REM, IFD,

and EE, respectively.

ln REM+
t � ∑t

j�1Δ lnREM+
j � ∑t

j�1 max Δ lnREMj, 0( ),

lnREM−
t � ∑t

j�1Δ lnREM−
j � ∑

t

j�1
min Δ lnREMj, 0( ),

ln EE+
t � ∑t

j�1Δ lnEE+
j � ∑t

j�1 max Δ lnEEj, 0( ),

lnEE−
t � ∑t

j�1Δ lnEE−
j � ∑

t

j�1
min Δ lnEEj, 0( ),

ln IFD+
t � ∑

t

j�1
Δ ln IFD+

j � ∑
t

j�1
max Δ ln IFDj, 0( ),

ln IFD−
t � ∑t

j�1Δ ln IFD−
j � ∑t

j�1min Δ ln IFDj, 0( ).

By incorporating the above decomposed variables, the
asymmetric equation can be displayed in the following manner:

Δ lnCO2t � β0 +∑p

i�1βiΔ lnCO2t−i

+∑p

i�1 β+i Δ lnREM+
t−i + β−i Δ lnREM−

t−i( )
+∑p

i�1 β+i Δ lnEE+
t−i + β−i Δ lnEE−

t−i( )
+∑p

t−1 β+i Δ ln IFD+
t−i + β−i ln IFD

−
t−i( )

+∑p

i�1 βiΔTIt−i( ) +∑p

i�1 βiΔYt−i( ) +∑p

i�1 βiΔY2
t−i( )

+ λ1 ln CO2t−i + λ+2 ln REM
+
t−i + λ−3 ln REM

−
t−i

+ λ+4 ln EE
+
t−i + λ−5 ln EE

−
t−i + λ+6 ln IFD

+
t−i + λ−7 ln IFD

−
t−i

+ λ8TIt−i + λ8Yt−i + λ9Y
2
t−i + εt,

(12)

Δ lnEFt � β0 +∑p

i�1βiΔ lnEFt−i

+∑p

i�1 β+i Δ lnREM+
t−i + β−i Δ lnREM−

t−i( )
+∑p

i�1 β+i Δ lnEE+
t−i + β−i Δ lnEE−

t−i( )
+∑p

t−i β+i Δ ln IFD+
t−i + β−i ln IFD

−
t−i( )

+∑p

i�1 βiΔTIt−i( ) +∑p

i�1 βiΔYt−i( ) +∑p

i�1 βiΔY2
t−i( )

+ λ1 ln EFt−i + λ+2 ln REM
+
t−i + λ−3 ln REM

−
t−i

+ λ+4 ln EE
+
t−i + λ−5 ln EE

−
t−i + λ+6 ln IFD

+
t−i + λ−7 ln IFD

−
t−i

+ λ8TIt−i + λ8Yt−i + λ9Y
2
t−i + εt.

(13)
where ∑p

i�1βi
+
i and ∑p

i�1βi
−
i capture the positive and negative effects

in the short term, respectively, whereas λi⁺ and λi⁻ capture the
positive and negative long-term effects, respectively. The error
correction model in Equations 14, 15 is demonstrated as follows:

Δ lnCO2t � β0 +∑p

i�1βiΔ lnCO2t−i

+∑p

i�1 β+i Δ lnREM+
t−i + β−i Δ lnREM−

t−i( )
+∑p

i�1 β+i Δ lnEE+
t−i + β−i Δ lnEE−

t−i( )
+∑p

t−i β+i Δ ln IFD+
t−i + β−i ln IFD

−
t−i( ) + +λ8TIt−i

+ λ8Yt−i + λ9Y
2
t−i + θiECTt−i + εt, (14)

lnEFt � β0 +∑p

i�1βiΔ lnEFt−i

+∑p

i�1 β+i Δ lnREM+
t−i + β−i Δ lnREM−

t−i( )
+∑p

i�1 β+i Δ lnEE+
t−i + β−i Δ lnEE−

t−i( )
+∑p

t−i β+i Δ ln IFD+
t−i + β−i ln IFD

−
t−i( ) + +λ8TIt−i + λ8Yt−i

+ λ9Y
2
t−i + θiECTt−i + εt.

(15)
The standard Wald test is performed to examine the short-term

symmetry β = β+ = β⁻ and long-term symmetry λ = λ+ = λ⁻ for
remittance, export earnings, infrastructure development, TI, and
economic growth. After confirming the long-run association, the
dynamic multiplier effect is assessed, where a 1% change in
lnREM+

t−i, lnREM
−
t−i, lnER+

t−i, lnER
−
t−i, ln ID+

t−i, ln ID
−
t−i,

lnTI+t−i, lnTI
−
t−i, and lnY+

t−i, lnY
−
t−i can be derived as follows:

k+h � ∑p

j�0
∅CO@t+j
∅ lnREM+

t

, k+h � ∑p

j�0
∅CO2t+j
∅ lnREM−

t

, h � 1, 2, 3, (16)

k+h � ∑p

j�0
∅CO2t+j
∅ lnEE+

t

, k+h � ∑p

j�0
∅CO2t+j
∅ lnEE−

t

, h � 1, 2, 3, (17)

k+h � ∑p

j�0
∅CO2t+j
∅ ln IFD+

t

, k+h � ∑p

j�0
∅CO2t+j
∅ ln IFD−

t

, h � 1, 2, 3. (18)

Due to the distinct orders I (0) and I (1) in which our variables are
integrated, the conventional Granger causality test is rendered ineffectual.
The Granger causality test, as defined by Toda and Yamamoto (1995), is
utilized in this instance. It is constructed upon a modified Wald
(MWALD) test. According to Zapata and Rambaldi (1997), the
MWALD test circumvents the challenges inherent in the conventional
Granger causality test by disregarding the possibility of series non-
stationarity or co-integration. By adapting a VAR model to the
variable levels, Toda and Yamamoto (1995) mitigated the potential
hazards linked to an erroneous determination of the series order of
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integration (Amiri and Ventelou (2012); Mavrotas and Kelly (2001). The
See, Equations 19–24 for the proposedGranger causality test is as follows:

ln CO2t � α0 +∑k

i�1β1i lnCO2t−i +∑Dmax

j�k+1β2j lnCO2t−j

+∑k

i�1λ1i lnREMt−i +∑Dmax

j�k+1λ2j lnREMt−j

+∑k

i�1Φ1i lnERt−i +∑
j�k+1

maxΦ2j lnERt−j

+∑k

j�1φ1i ln IDt−i +∑Dmax

j�k+1φ2j ln IDt−j +∑k

t�1ρ1iTI

+∑Dmax

j�k+1ρ2jTIt−j +∑k

j�1δ1iY +∑Dmax

j�k+1δ2jYt−j + ε1t,

(19)
lnREM � α1 +∑k

j�1β1i lnCO2t−i +∑dmax

j�k+1β2j lnCO2t−j

+∑k

i�1λ1i lnREMt−i +∑dmax

j�k+1λ2j lnREMt−j

+∑k

i�1Φ1i lnEEt−i +∑dmax

j�k+1Φ2j lnEEt−j

+∑k

i�1φ1i ln IDt−i +∑dmax

j�k+1φ2j ln IDt−j +∑k

i�1ρ1iTIt−i

+∑dmax

j�k+1ρ2jTIt−j +∑k

i�1δ1iYt−i +∑dmax

j�k+1δ2jYt−j ε2t,

(20)
InEEt � α3 +∑k

i�1β1i lnCO2t−i +∑dmax

j�k+1β2j lnCO2t−j

+∑k

i�1λ1i lnREMt−i +∑dmax

j�k+1λ2j lnREMt−j

+∑k

i�1Φ1i lnEEt−i +∑dmax

j�k+1Φ2j lnEEt−j

+∑k

i�1φ1i ln IDt−i +∑dmax

j�k+1φ2j ln IDt−j +∑k

i�1ρ1iTIt−i

+∑dmax

j�k+1ρ2jTI +∑k

i�1δ2jYt−i +∑dmax

j�k+1δ2jY + ε3t,

(21)
ln IFDt � α4 +∑k

i�1β1i lnCO2t−i +∑dmax

j�k+1β2j lnCO2t−j

+∑k

i�1λ1i lnREMt−i +∑dmax

j�k+1λ2j lnREMt−j

+∑k

i�1Φ1i lnEEt−i +∑dmax

j�k+1Φ2j lnEEt−j

+∑k

i�‘ φ1i ln IFDt−i +∑dmax

j�k+1φ2j ln IFDt−j +∑k

i�1ρ1iTIt−i

+∑dmax

�k+1ρ2jTIt−j +∑k

i�1δ2jYt−i +∑dmax

j�k+1δ2jY + ε4t,

(22)
TIt � α5 +∑k

i�1β1i lnCO2t−i +∑dmax

j�k+1β2j lnCO2t−j

+∑k

i�1λ1i lnREMt−i +∑dmax

j�k+1λ2j lnREMt−j

+∑k

i�1Φ1i lnEEt−i +∑dmax

j�k+1Φ2j lnEEt−j +∑k

i�1φ1i ln IFDt−i

+∑dmax

j�k+1φ2j ln IFDt−j +∑k

i�1ρ1iTIt−i +∑dmax

j�k+1ρ2jTIt−j

+∑k

i�1δ2jYt−i +∑dmax

j�k+1δ2jY + ε5t,

(23)

Yt � α5 +∑k

i�1β1i lnCO2t−i +∑dmax

j�k+1β2j lnCO2t−j +∑k

i�1 lnREMt−i

+∑dmax

j�k+1λ2j lnREMt−j +∑k

i�1Φ1i lnEEt−i

+∑dmax

j�k+1Φ2j lnEEt−j +∑k

i�1φ1i ln IFDt−i

+∑dmax

j�k+1φ2j ln IFDt−j +∑k

i�1ρ1iTIt−i +∑dmax

j�k+1ρ2jTIt−j

+∑k

i�1δ2jYt−i +∑dmax

j�k+1δ2jY + ε5t.

(24)

4 Estimation and interpretation

4.1 Unit root tests

Table 4 displays the results of the variable integration order
test through the application of the tests used by Perron and
Vogelsang (1992) and (Ng and Perron, 2001) and the ADF test.
Referring to the test statistics, the study unveiled the variables
that are integrated in mixed order, that is, either at level I (0) or
after the first difference, I (1), but none exposed in the second
difference.

4.2 Co-integration test

Following the co-integration framework proposed by Bayer and
Hanck (2013) and Maki (2012), the study investigated the long-term
association between environmental sustainability, export earnings,
remittances, infrastructural development, TI, and economic growth.
Table 5 displays the results of the co-integration test. The test
statistics of both co-integration tests are statistically significant at
a 5% level, establishing a long-term association in the
empirical nexus.

The study further investigated the co-integration test through
the execution of symmetric and asymmetric frameworks and the test
statistics derived from Foverall, tDV, and FIDV, shown in Table 6. The
study exposed all the test statistics to become statistically significant
at a 1% level, which is also valid for the EKC framework.

4.3 Long- and short-run coefficient
estimation: linear and nonlinear framework

Table 7 displays the results of ARDL estimation with Panel A for
long-run coefficients and Panel B for short-run coefficients.
Referring to the coefficient, Y and Y2 in both models found
positive and negative signs toward environmental sustainability,
confirming the presence of the EKC hypothesis that economic

TABLE 3 Null hypotheses for all three tests.

Co-integration test Null hypothesis Alternative hypothesis

F-bound test π1 � π2 � π3 � π4 � π5 � π6 � 0 Any, π1 , π2 , π3 , π4 , π5 , π6 ≠ 0

t-test on the lagged dependent variable π1 � 0 π1 ≠ 0

F-test on the lagged independent variable π2 � π3 � π4 � π5 � π6 � 0 Any, π2 , π3 , π4 , π5 , π6 ≠ 0
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growth initially accelerated CO2 emissions and ecological
degradation, but the positive effects on the environment have
been documented after reaching a certain threshold level.

For REM, the coefficients in the long run (short run) exposed
positive statistical significance at a 1% level, which is found in both
models. Notably, a 10% change in REM will result in the
augmentation of CO2 emissions in the long run (short run) by
1.531% (0.178%) and ecological degradation by 0.725% (0.187%).
The study findings showed that an increase in the amount of money
sent back to Bangladesh by its residents could potentially result in a
more significant amount of CO2 emissions and ecological
degradation. This is consistent with the findings of other
research, such as those by Yang et al. (2021); Ahmad et al.

(2019a); and Li et al. (2022a). Remittance inflows can have a
negative impact on the environment if they are used to support
industries and products that have a significant carbon footprint, like
automobiles and air conditioners. Households may increase their
energy consumption and CO2 emissions by purchasing high-
energy-consuming items using remittances (Peever and Fuller,
2016). Investing in clean energy and environmentally friendly
technologies can help alleviate the adverse impact of REM on the
environment (Rahman et al., 2023). Additionally, the coefficients of
REM square revealed negative and statistically significant results at
1% for both models, suggesting a U-invert association between REM
inflows and environmental degradation. The study findings
repostulate that after a certain point in time, the inflows of REM

TABLE 4 Results of unit root tests.

Perron and Vogelsang test ADF test

At level First difference At level After first difference

Level Test statistics D-SB Test statistics D-SB Test statistics Test statistics

REC −2.7339 2020 −7.1867 2015 −1.6639 −5.7288

EG −2.4553 2010 −9.8114 2008 −2.0094 −4.4833

FDI −1.7189 2000 −9.4719 1997 −1.2795 −8.5299

OP −1.0421 1996 −10.0224 2004 −2.5487 −3.7475

−2.8164 2018 −10.0815 2011 −0.5794 −3.6078

TR −1.9526 2004 −8.4195 1995 −2.676 −3.7886

Panel B: Narayan unit root test

At level After first difference

T-statistics Time break T-statistics Time break

RE −1.9973 2009:2003 −6.9767*** 2009:2014

NREC −2.0096 2006:2017 −7.0734*** 2004:2018

FFC −2.5379 2002:2013 −7.2037*** 2003:2016

DCP −2.6009 2006:2011 −8.6912*** 2007:2000

BM −3.3893 2004:2006 −7.1019*** 2007:2004

DCF −1.7788 1998:2015 −7.9317*** 1998:2017

Panel C: Ng–Perron unit root test

IQ −2.3868 −1.4632 0.2302 8.2122 −19.5534 −3.756 0.1537 3.5742

DEBT −2.2381 −0.8836 0.259 7.9229 −21.6782 −4.1367 0.1622 4.463

EPU −2.0414 −1.4214 0.3191 7.3324 −22.8827 −5.6159 0.1737 4.7974

GS −2.3595 −1.0421 0.2253 8.9082 −21.9029 −5.4008 0.1575 3.872

FD −2.6254 −1.0519 0.2841 8.6726 −16.9886 −3.8153 0.1713 4.191

FDI −1.9197 −0.9884 0.2422 7.9559 −24.8874 −4.0061 0.143 4.6075

1% −23.8 −3.42 0.143 4.03

Asymptotic critical values: Ng and Perron (2001), Table 1 5% −17.3 −2.91 0.168 5.48

10% −14.2 −2.62 0.185 6.67
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will become critical factors in the process of environmental
sustainability. Our findings are supported by those obtained by
Dilanchiev et al. (2024); Qamruzzaman (2023a); and
Qamruzzaman (2023d).

The coefficients of TI in the long run (short run) toward CO2

emissions and ecological footprint are negative and statistically
significant at a 1% level, postulating that positive changes in TI
will result in support for achieving ES by the control of CO2

emissions and ecological stability. Precisely, a 1% further progress
in TI could lead to a reduction in CO2 emissions in the long run
(short run) by 0.1724% (0.083%) and ecological improvement by
0.1407% (0.0722%). Our study is supported by the studies of Yang
et al. (2021) and (Hosan et al. 2023).

The study documented an adverse linkage between the adverse
connection between export earnings and environmental sustainably
both in the long- and short-run assessment, which is available in both
model estimations. Referring to long-run coefficients, a 10% change in
EEs will result in a 0.913% change in CO2 emissions and a 1.229%
change in ecological degradation, while for the short run, CO2 emissions
increase by 0.631% and ecological instability increases by 0.629%. Our
study findings are in line with empirical studies by Li et al. (2021);
Numan et al. (2023); and Manga et al. (2023). The coefficients of EE-
squared were found to be negative and statistically significant at 1%,
confirming an inverted U-shaped connection toward environmental
degradation. The study findings advocated that after a certain point in
time, the earnings from exports will boost the process of environmental
sustainability. The findings are supported by those obtained by Malec
et al. (2023). Investment in infrastructural development has caused

detrimental effects on environmental development in both model
estimations, indicating that construction work for infrastructural
development degraded the present state of environmental quality in
the long- and short-run assessment. Notably, a 10% increase in IFD
may result in EDwith a 1.229% increase in CO2 emissions and a 0.533%
increase in the ecological footprint by in the long run, while in the short
run, CO2 emissions increase by 0.249% and the ecological footprint
increases by 0.719%.

The results of residual diagnostic test following
B−GLMTEST; ARCHTEST; BPGTESTRRESETTEST; and J − BTEST

and the test statistics of each estimation revealed no serial
correlation, the absence of heteroscedasticity residuals are typically
distributed and mode construction efficiency and consistency.

4.4 Nonlinear estimation: asymmetric
coefficients of REM, EE, and IFD

The long- and short-run asymmetric coefficients of REM, EE,
and IFD are given in Table 8, with Panel A for long-run coefficients
and Panel B for short-run coefficients.

The study exposed the asymmetric coefficients of REM,
i.e., REM+ and REM−, and found them to be positive and
statistically significant toward CO2 and EF in both the long and
short run. The study findings suggest that a 1% positive (negative)
change in EM will result in the amplification (contraction) of ED
with the channel of excessive CO2 emission by 0.1438% (0.0418%)
and ecological footprint by 0.1815% (0.1083%). Additionally, in the

TABLE 5 Results of the Bayer–Hanck and Maki co-integration tests.

Panel A: Bayer–Hanck combined co-integration without a structural break

Test Statistics

EG-JOH 14.984 22.87

EG-JOH-BO-BDM 37.718 47.807

Panel B: Maki co-integration with a structural break

Test statistics [break year] Test statistics [break year]

Level shift with trend −7.0149 [1996:1999:2019] −9.1779 [1996:2000:2011]

Regime shifts −9.8628 [2003:2001:2012] −12.3946 [2005:2010:2009]

Regime shifts with trend −11.0868 [1993:2010:2009] −18.4914 [1996:2004:2007]

TABLE 6 Bound co-integration test: linear and nonlinear frameworks.

Symmetric framework Asymmetric framework

Foverall tDV FIDV Foverall tDV FIDV

CO2t ∫REMt, ERt, IFDt, TIt, Yt 1 10.909*** −6.103*** 8.165*** 13.332*** −5.44*** 10.727***

CO2t ∫REMt, ERt, IFDt, TIt, Yt, Y2
t

2 14.607*** −6.474*** 8.211*** 13.128*** −6.267*** 7.905***

EFt ∫REMt, ERt, IFDt, TIt, Yt 3 9.294*** −6.544*** 6.331*** 11.988*** −6.486*** 8.532***

EFt ∫REMt, ERt, IFDt, TIt, Yt, Y2
t

4 7.546*** −5.694*** 11.12*** 15.309*** −6.497*** 8.954***
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short run, asymmetric coefficients of REM displayed contributory
effects on ED. That is, a 1% positive (negative) shock in REM will
support ES (degradation), indicating that the short-run money
supply in the economy fosters clean consumption among the
residents (Li and Qamruzzaman, 2023; Md Qamruzzaman and
Anandha, 2021).

For expert earning, the asymmetric coefficients of EEs
were unveiled to be positive and statistically significant at a
1% level both in the long- and short-run assessment. Notably,
a 10% increase (decrease) in EEs will result in the acceleration
(reduction) of CO2 emissions by 1.204% (0.814%) and
ecological footprint by 0.768% (0.178%). In the short run,
CO2 emissions increased by 0.0367% (0.0365%) and ecological
footprint by 0.018% (0.0091%). The asymmetric effects of
EEs are more significant in the long run than those of short-
run coefficients. Thus, it is suggested that policy

formulation in progressing EEs has to target long-run
strategic goals.

Asymmetric investment in IFD, that is, positive (negative)
changes, is positive and statistically significant at a 1% level,
indicating that environmental adversity is the outcome of
infrastructural development both in the long run
( CO2 − IFD+

0.1511: EF − IFD+
0.0769: IFD+

0.1071: IFD
+
0.0763) and

short run (CO2−IFD−
0.0344: EF − IFD+

0.0637), which is valid in
both model estimations with CO2 and EF. In particular, a 1%
increase (decrease) in IFD in the long run will exacerbate the ED
through excessive CO2 by 1.511% (0.769%) and ecological footprint
by 1.071% (0.763%). The study findings advocate that the cost of ED
should be borne in mind while initiating further investment in
infrastructural development both in the long and short run.

The symmetry test results given in Panel C show that the test
statistics derived with a standard Wald test are statistically

TABLE 7 Results of ARDL estimation.

[1] [2]

Coefficient T-stat Standard error Coefficient T-stat Standard error

Panel A: long-run coefficients

Y 0.0615 0.0037 16.6216 0.1348 0.0073 18.4657

Y2 −0.1248 0.0051 −24.4705 −0.0394 0.0034 −11.5882

REM 0.1531 0.0107 14.3084 0.0725 0.0088 8.2386

REM2 −0.0768 0.0047 16.3404 −0.0535 0.0078 6.8589

EE 0.0913 0.0095 9.6105 0.1229 0.0064 19.2031

EE2 −0.0565 0.0029 19.4827] −0.0675 0.0022 30.6818

IFD 0.1229 0.0087 14.1264 0.0533 0.0041 13.0211

TI −0.1724 0.0023 −74.9565 −0.1407 0.0049 −28.7142

c −0.1283 0.01015 −12.6419 0.04038 0.0103 3.9109

Panel B: short-run coefficients

Y 0.0641 0.0058 11.0517 0.0518 0.0114 4.5438

Y2 −0.0223 0.008 −2.7875 −0.0322 0.0098 −3.2857

REM 0.0178 0.0117 1.5213 0.0187 0.0105 1.2467

EE 0.0631 0.0055 11.4545 0.0629 0.0041 15.3414

IFD 0.0249 0.0074 3.3648 0.0719 0.0018 39.9444

TI −0.083 0.0541 −1.537 −0.0722 0.0119 −6.0672

ECT −0.7581 0.0176 −42.9241 −0.2563 0.01561 −16.4197

Panel C: diagnostic test

EKC YES YES

B−GLMTEST 0.7643 0.8236

BPGTEST 0.6769 0.7917

ARCHTEST 0.7914 0.7151

RRESETTEST 0.8485 0.7596

J − BTEST 0.7306 0.7232
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significant at a 1% level, rejecting the null hypothesis of symmetric
association both in the long and short run. Alternatively, a
symmetric association has been revealed both in the long
and short run.

The residual diagnostic results (see Table 9) confirmed that both
models are free from serial correlation on heteroscedasticity, and
residuals are normally distributed. Thus, it assumes empirical model
construction consistency and estimation efficiency.

TABLE 8 Results of asymmetric estimation.

CO2 EF

Panel A: long-run coefficients

REM+ 0.1438 0.0116 12.3065 0.1815 0.0087 20.8286

REM− 0.0418 0.0095 4.3686 0.1083 0.0112 9.6598

EE+ 0.1204 0.0094 12.7151 0.0768 0.0043 17.8505

EE− 0.0814 0.0036 22.0430 0.0178 0.0103 1.7149

IFD+ 0.1511 0.0053 28.1748 0.1071 0.0118 9.0354

IFD− 0.0769 0.0096 7.9794 0.0763 0.0091 8.3267

REM+ 0.0937 0.0095 9.8120 0.0659 0.0070 9.3074

Y 0. 4728 0.0503 9.3901 0.2491 0.0216 11.5311

Y2 −0.3472 0.0022 −138.657 −0.22414 0.0099 −22.4248

Panel B: short-run coefficients

REM+ −0.0469 0.0022 −21.3181 −0.0356 0.0028 −12.7142

REM− −0.0402 0.0048 −8.375 −0.0381 0.0113 −3.3628

EE+ 0.0367 0.0058 6.3275 0.018 0.0077 2.3376

EE− 0.0365 0.0031 11.7741 0.0091 0.0082 1.1097

IFD+ 0.0086 0.0113 0.761 0.0637 0.0055 11.5818

IFD− 0.0344 0.0066 5.2121 0.007 0.0061 1.1475

Y 0.0631 0.0094 6.7127 0.0098 0.0062 1.5806

Y2 −0.0576 0.0075 −7.68 −0.0614 0.0104 −5.9038

Panel –C: Long-run and short-run symmetry test

REMLR 7.995 5.597

REMSR 2.801 7.433

EELR 7.933 4.583

EESR 5.929 5.749

IFDLR 3.444 4.268

IFDSR 9.593 2.862

TABLE 9 Results of the residual diagnostic test.

Test p-value Remarks p-value Remarks

B−GLMTEST 0.726 Null-rejected 0.575 Null-rejected

BPGTEST 0.52 Null-rejected 0.782 Null-rejected

ARCHTEST 0.559 Null-rejected 0.671 Null-rejected

RRESETTEST 0.877 Efficient estimation 0.671 Efficient estimation

J − BTEST 0.677 Normal distribution 0.739 Normal distribution
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4.5 T-Y causality test: symmetric and
asymmetric framework

For documenting the directional association in the empirical
relations, the present study implemented the causality test following
Toda and Yamamoto (1995), and the results are given in Table 10.
Referring to the symmetric framework causality test, the study
disclosed the feedback hypothesis in explaining the causal
association between ED, remittances, export earnings, and
technological innovation [ED←→REM; ED←→EE; ED←→TI].
Additionally, the unidirectional association between Y→ED and
IFD to ED.

Referring to results (see Table 11) of the causality test with the
asymmetric framework, a study revealed that the feedback
hypothesis holds in explaining the causal effects running between
positive shocks in REM, EE, IFD, and CO2 for ecological footprint,
bidirectional linkage available for positive and negative shocks in
REM, and positive shocks in EE. Furthermore, a unidirectional
association was exposed between CO2, adverse shocks in EE,
and IFD see, Figure 1.

5 Discussion and policy implications of
the study findings

The study documented the coefficients derived with symmetric
and asymmetric estimation and found positive and statistical
significance at a 1% level, both in the long and short run. Our
study exposed the detrimental effects of REM in achieving ES in
Bangladesh; mainly, the increase in remittance receipts by the
residents will result in the acceleration of excessive CO2

emissions and ecological degradation. Our study findings are in
line with those obtained by Dash et al. (2024); Li et al. (2022b); Islam
(2022); Ahmad et al. (2022); Karasoy (2021); and Ahmad et al.

(2019a). The study findings indicate that REM in Bangladesh could
potentially have negative impacts on environmental sustainability,
specifically by contributing to increased CO2 emissions and
ecological degradation. Dash et al. (2024), using the ARDL
model, indicated that REM have a detrimental effect on CO2

emissions in Bangladesh and other countries such as Sri Lanka,
Pakistan, and the Philippines. A recent study conducted by
Bangladesh Bank has highlighted the allocation of a substantial
portion of REM toward sectors such as real estate, small and
medium companies, and financial investment. However, its usage
can have adverse effects on the environment (Szabo et al., 2022). In
addition, Ahmad et al. (2019a), Haque et al. (2022), and Liu et al.
(2021) indicated that REM have a positive impact on the likelihood
of rural families in Bangladesh adopting greener energy sources for
cooking. Therefore, the available data indicate that while REM are
vital for the economy, they may also pose challenges to ES in
Bangladesh. The study findings align with those of previous
research, suggesting that REM are frequently not used for
sustainable development and could potentially contribute to
environmental degradation. The positive impact of REM on
poverty reduction and family expenses is accompanied by an
increased demand for energy and fuel, potentially resulting in a
decrease in environmental quality (Zhao and Qamruzzaman, 2022).
The study findings underscored the importance of adopting a
holistic approach when utilizing REM in Bangladesh. It is crucial
to ensure that these funds are utilized to promote economic
advancement while also safeguarding the environment.
Policymakers and stakeholders should prioritize the
implementation of mechanisms that encourage the allocation of
REM toward sustainable development projects and clean energy
solutions. This will help reduce the negative environmental impact
often associated with remittance inflows.

Research on the EKC hypothesis, as well as the impact of
remittances, export earnings, and infrastructure development on

TABLE 10 Results of TY causality with a linear framework.

Explanatory variables Decision

Dependent variable CO2 REM EE IFD TI Y CO2←→REM; CO2←→EE; CO2←→TI;
IFD→ CO2; CO2→Y; REM←→Y; EE→REM;
IDF→REM; EE←→TI; Y→EE; IDF→Y; TI←→YCO2 11.748*** 6.888** 5.688* 5.981* 0.662

REM 4.537* 5.112* 5.33* 1.153 6.552**

EE 6.586** 3.124 1.96 7.166** 4.694*

IFD 0.362 3.221 2.418 1.302 1.89

TI 4.579* 3.57 4.51* 1.323 6.321**

Y 6.889** 4.252* 1.379 4.185* 5.64*

EF 4.628* 4.017* 1.809 6.677** 11.572 REM←→EF; EF←→TI; EE→EF;
Y→EF EF→IFD; REM←→IFG; Y→REM;
IFD→EE; EE←→TI; Y→TIREM 5.534* 4.824* 6.387** 1.652 6.289**

EE 1.372 3.62 6.66** 6.188** 0.868

IFD 6.704** 6.176** 2.788 1.825 0.993

TI 7.122** 0.833 5.061* 3.777 4.607*

Y 2.721 1.422 4.993* 4.443* 2.795

The superscripts ***/**/* denote the level of significant at 1%, 5%, and 10%, respectively.
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environmental sustainability, is a highly intriguing field of study.
The EKC hypothesis suggests that environmental degradation tends
to increase with economic growth but then decreases once a certain
level of income is attained. There appears to be a complex

connection between economic development and environmental
quality. However, to fully grasp the intricate ways in which
remittances, export earnings, and infrastructure development
affect the environment, a more detailed analysis is necessary.

TABLE 11 Results of TY causality: asymmetric framework.

ED REM+ REM- EE+ EE- IFD+ IFD- TI Y

Panel A: ED measures by CO2 emissions

ED — 7.1828*** 2.154 4.8252* 3.0324 7.8297*** 3.0329 1.9117 3.3315

REM+ 5.5222** — 5.5468** 0.8495 1.9391 1.3353 0.5244 6.0673*** 4.02*

REM- 4.2631* 6.9044*** — 1.166 0.9206 2.2464 1.5858 3.3956 4.8953*

EE+ 6.3151*** 2.5126 2.3868 — 7.0172*** 4.6165* 1.8637 5.8492** 4.8414*

EE- 7.646*** 1.1601 1.8198 2.0953 — 2.7014 4.3086* 3.9893* 2.939

IFD+ 5.1785** 6.8489*** 6.4352*** 6.9627*** 6.6495*** — 7.7055*** 3.3634 5.2825**

IFD- 3.5726* 3.9878* 7.633*** 4.6918* 3.8053* 4.8387* — 3.9797* 4.0094*

TI 4.0093* 6.8026*** 5.2306** 4.0922* 3.9334* 0.4177 5.1842** — 7.1432***

Y− 0.7028 0.0827 5.2362** 0.3352 2.3653 4.7495* 5.8318** 3.1045 —

Panel B: ED measures by ecological footprint

ED — 7.8674*** 5.3557** 0.2012 6.1505*** 0.5826 1.735 5.2402** 7.1928***

REM+ 5.9385** — 3.5159* 3.711* 2.7658 4.113* 0.515 2.8465 4.5467*

REM- 5.4789** 5.8135** — 6.8484*** 3.8925* 1.171 6.6207*** 3.4448 4.1204*

EE+ 2.5594 3.2874 7.1313*** — 6.6294*** 4.949* 5.7975** 3.5247* 0.727

EE- 7.4717*** 7.5722*** 5.0082** 4.0796* — 3.793* 2.24 3.4698 0.4443

IFD+ 7.7585*** 6.7341*** 5.15** 6.4497*** 6.746*** — 0.6931 5.9506** 1.0017

IFD- 0.1019 5.4843** 7.3711*** 4.8745* 3.756* 1.0509 — 6.5996*** 7.0608***

TI 1.661 4.4907* 3.3617 5.1389** 1.6162 6.4653*** 0.0473 — 1.5972

Y 6.1767*** 0.3034 4.8515* 1.935 1.5058 2.1935 7.0994*** 6.0817*** —

The superscripts ***/**/* denote the level of significant at 1%, 5%, and 10%, respectively.

FIGURE 1
Directional causality.
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Remittances, for instance, are financial transfers sent by migrants to
their home countries, which oftenmake a substantial contribution to
household incomes. Remittances have the potential to contribute to
an increase in the consumption of goods and services, potentially
leading to an increase in carbon emissions and ecological
degradation. The impact is driven by shifts in consumption
patterns, with an increase in the usage of vehicles, household
appliances, and other energy-intensive goods. In addition,
remittances have the potential to impact land use patterns. For
example, families may choose to invest in agricultural expansion or
construction projects, which can result in deforestation and the
destruction of habitats.

Export earnings and infrastructure development are key factors
that significantly influence environmental outcomes. Intensified
industrial activities and agricultural practices, driven by the
pursuit of higher export earnings, can put a strain on natural
resources and contribute to pollution. For example, the growth of
industries to meet export demands could lead to higher levels of
greenhouse gas emissions and water contamination caused by
industrial waste. Infrastructure development is crucial for driving
economic growth, but it can also have both positive and negative
impacts on the environment. Improved infrastructure has the
potential to greatly enhance efficiency and minimize
environmental impact by implementing advanced transportation
systems and adopting cleaner technologies. However, it is important
to consider the potential ecological consequences of large-scale
infrastructure projects, such as roads, bridges, and urban
development. These projects can result in significant disruptions
to the environment, including the loss of biodiversity and an
increase in carbon emissions during the construction phases.

The research findings suggest a correlation between export
revenues, carbon emissions, and ecological footprint, which
remains consistent in both the long and short term and is
relevant to both linear and nonlinear estimation methods. Our
study findings are supported by those obtained by Wang K. et al.
(2023), Çatık et al. (2024), and Huang et al. (2023). Hao (2022) and
Dogan et al. (2020) postulated that export revenues contribute to
environmental degradation as they encourage increased production
and industrial activities, leading to greater energy consumption and
resource utilization, which results in an increase in carbon emissions
and ecological footprints. Furthermore, Huang and Wu (2022)
revealed that expansion frequently relies on accelerated resource
extraction, leading to the destruction of forests, harm to habitats,
and the exhaustion of resources. Zhang et al. (2023) assessed the link
between industrial production and exports contributing to the
pollution of the air, water, and soil, resulting in negative impacts
on ecosystems, biodiversity, and human health. Furthermore, the
transportation of exported goods over long distances contributes to
the release of greenhouse gases, which worsens environmental harm.
Furthermore, the pursuit of export-led development often leads to a
disregard for environmental sustainability as businesses can operate
without strict environmental regulations or enforcement,
exacerbating the negative impact on the environment (Ju et al.,
2023; Hao, 2022; Wang Y. et al., 2023; Qamruzzaman, 2023b;
Qamruzzaman, 2023c). In addition, the enforcement of stringent
environmental regulations in importing countries could result in a
phenomenon called “carbon leakage,” where businesses relocate
their operations to regions with less stringent requirements,

which ultimately leads to an increase in carbon emissions and
ecological footprints in the countries that export these goods
(Williams et al., 2022; Ullah et al., 2023; Su et al., 2023). Our
findings highlight the importance of implementing policy
measures that specifically address carbon emissions and
ecological footprint to effectively mitigate environmental
degradation, which may involve implementing environmental
regulations that specifically target carbon-intensive industries and
promote the adoption of sustainable practices. In addition, research
underscores the importance of incorporating both linear and
nonlinear estimates in policy formulation, emphasizing the need
for comprehensive and adaptable strategies to address
environmental issues. The study results further reinforce the
importance of prioritizing institutional quality, economic reforms,
and political reforms in order to address environmental degradation
effectively. The study findings are consistent with those of previous
research, highlighting how REM can influence environmental
degradation by impacting carbon emissions and ecological
footprint see, for instance, [Hao (2022); Chunyu et al. (2021);
and Dogan et al. (2020]. Therefore, it is crucial for policymaking
and decision-making processes to consider the impact of REM on
carbon emissions and ecological footprint. Moreover, it is essential
to establish effective methods that ensure that REM play a significant
role in promoting sustainable development.

The study findings suggest a clear link between the allocation of
resources toward infrastructure development and the subsequent
impact on carbon emissions and ecological footprint. The results are
consistent in both the short and long term and are applicable to
estimating methods that are both linear and nonlinear. As a result,
the development of infrastructure in Bangladesh could lead to
increased environmental degradation, which would require
additional funding for environmental conservation. The
hypothesis posits that the augmentation of infrastructure in
Bangladesh would result in escalated environmental protection
expenditures. Our study is in line with other studies (Awad et al.,
2023; Balsalobre-Lorente et al., 2023; Liu et al., 2023). According to
the findings, it appears that the development of infrastructure has
negative impacts on the environment and that this IFD places a
substantial strain on energy and resources, resulting in increased
greenhouse gas emissions and ecological damage. Wang et al. (2022)
suggested that the majority of greenhouse gas emissions,
approximately 79%, come from infrastructure. Additionally, a
significant portion, approximately 88%, of the expenses related to
adapting to climate change is also attributed to infrastructure. Thus,
it is an essential area that demands urgent focus when it comes to
taking action on climate change. Luo et al. (2018) and Giang and Sui
(2011) advocated that the development of infrastructure frequently
results in the loss of habitats, fragmentation of ecosystems, and
depletion of resources. Young (2023) and Das and Dutta (2023)
unveiled that deforestation, habitat damage, and resource
exhaustion are expected outcomes. The transportation of
exported commodities over long distances contributes to the
release of greenhouse gases, exacerbating environmental harm
(Qin et al., 2020). Chen et al. (2020) and Jugurnath et al. (2017)
established that the disregard for ES due to the focus on export-
driven economic growth, which can lead to companies operating
without strict environmental standards or enforcement, in turn,
exacerbates the negative impact on the environment. Therefore, the
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findings of the study highlight the importance of taking
comprehensive measures to address the environmental impacts of
infrastructure development. This includes embracing sustainable
production techniques, enforcing stringent environmental
regulations, and promoting global cooperation to mitigate the
negative consequences of increased investment in infrastructure.

6 Policy implications based on
study findings

The findings highlight the significance of implementing policy
measures that effectively address carbon emissions and ecological
footprint to combat environmental degradation, which could
involve the implementation of environmental policies that
prioritize the reduction in carbon emissions from industries and
promote the adoption of sustainable practices. Furthermore, this
study emphasizes the importance of considering both linear and
nonlinear estimations when developing policies. It highlights the
importance of adopting comprehensive and adaptable strategies to
address environmental issues. Furthermore, previous studies suggest
that the adoption of economic and political reforms plays a crucial
role in safeguarding the environment. The impact of institutions on
reducing environmental degradation is widely recognized.
Therefore, the study findings emphasize the importance of
prioritizing institutional quality, economic reforms, and political
reforms in order to address environmental degradation in
policymaking and decision-making effectively. In relation to the
effect of REM on environmental degradation, the findings of the
study are consistent with those of previous research that highlights
the role of REM in increasing carbon emissions and ecological
footprint. Policymakers and decision-makers should consider the
impact of REM on carbon emissions and ecological footprint. It is
essential to implement measures that guarantee that REM are
utilized to promote sustainable environmental practices. In
general, the study findings emphasize the significance of
implementing comprehensive environmental policies that
consider factors like carbon emissions, ecological footprint,
institutional quality, and the potential impact of REM on
environmental degradation. It is essential to make informed
decisions and implement policies that promote sustainable
environmental practices and minimize the adverse effects of
carbon emissions and ecological footprint on the environment.

Based on the search results, it appears that there is a lack of
specific information regarding the policy implications of the study
findings for the government and private sector of Bangladesh.
However, the literature offers some broad policy implications. It
would be advantageous for the government to embrace policies that
promote sustainable development, such as investing in renewable
energy and encouraging energy-efficient practices. The government
could consider implementing more stringent environmental
regulations to promote environmentally sustainable infrastructure
development. It would be advantageous for the private sector to
consider adopting sustainable production practices and investing in
green technologies to reduce their environmental footprint. The
government could also prioritize the implementation of fiscal
reforms to boost domestic revenue for development, which
would ensure the required funding for supporting sustainable

infrastructure development and implement measures for
environmental protection. The policy implications are in line
with those of previous research that highlights the significance of
sustainable development practices and environmental protection
measures in reducing the negative impacts of economic activities on
the environment.

7 Policy suggestions

First, to promote sustainable economic development and reduce
reliance on industries that generate substantial carbon emissions,
Bangladesh must broaden the scope of its export markets. However,
the country has faced challenges in achieving significant export
diversification. The majority of its exports have been primarily
targeted toward a select few traditional markets, such as the EU,
the United States, Canada, and Japan, with the readymade garments
(RMG) sector dominating the export composition. The heavy
reliance on the RMG sector for exports has made the economy
vulnerable to external shocks and changes in market demand,
highlighting the importance of expanding the range of exports.
To address this matter, the government of Bangladesh may consider
prioritizing the expansion of its export markets. This can be
achieved by directing investments toward industries with high
potential and leveraging the country’s competitive strengths. For
example, the government could focus on expanding its
manufacturing export base by attracting FDIs and establishing
regional production networks, taking inspiration from successful
diversification policies implemented by countries like Vietnam.
Bangladesh can gain valuable insights from Vietnam’s successful
transition from agriculture to industries like textiles, electronics, and
equipment production. Furthermore, Bangladesh has the potential
to benefit significantly from the adoption of a well-rounded
approach to diversifying its export portfolio. This approach
would involve creating trade agreements with other countries,
expanding the range of products it sells internationally, and
prioritizing industries where it has a competitive advantage. The
country’s position on the economic complexity index has
consistently lagged behind its counterparts, indicating the
potential for diversifying its range of exports. Expanding exports
in the industries of leather and footwear, plastics, and light
engineering have been identified as areas of great potential for
Bangladeshi goods to enter global markets. Bangladesh should
consider expanding its production structure to reduce its
vulnerability to natural disasters and fluctuations in global
demand while also diversifying its exports. In order to
accomplish this, it is crucial to enhance the utilization of local
resources, allocate funds toward fostering innovation and
technological progress, and modernize the policy approach to
align with contemporary standards. The nation’s involvement in
emerging industries, such as electronics and pharmaceuticals,
showcases its ability to diversify its economy and adapt to
changing circumstances. The World Bank Group has emphasized
the importance of diversifying Bangladesh’s exports beyond the
textile industry to create more job opportunities and sustain
economic growth. The country’s heavy reliance on the garment
industry has made it vulnerable to various challenges, including a
lack of skilled workers, inefficient transportation systems, and
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uncertainty regarding entering the market. Exploring new avenues
for exports is observed as a potential solution to address
Bangladesh’s employment challenges and economic hardships.

Second, suggesting investment in renewable energy and
energy-efficient practices is a crucial policy recommendation for
the government of Bangladesh to mitigate the negative impacts of
infrastructure development on the environment. The nation’s
energy industry heavily relies on fossil fuels, leading to
substantial carbon emissions and ecological consequences.
Therefore, directing resources toward renewable energy sources
like solar, wind, and hydroelectric power could effectively decrease
the country’s carbon emissions and promote sustainable economic
growth. Utilizing energy-efficient methods and renewable energy
sources can significantly reduce energy consumption and carbon
emissions. The government has the power to support energy-
efficient architectural designs, like green buildings, and
encourage the use of energy-efficient appliances and equipment,
which has the potential to reduce energy consumption and
encourage the use of sustainable development practices.
Investing in renewable energy and adopting energy-efficient
techniques could have positive spillover effects for other
nations. It would be beneficial for other developing nations to
learn from Bangladesh’s experience and adopt similar strategies to
promote sustainable development practices and reduce carbon
emissions. Developed nations could benefit from Bangladesh’s
investment in renewable energy and energy-efficient practices as
it would help reduce their reliance on fossil fuels and promote
sustainable economic growth. In order to mitigate the negative
impact of infrastructure development on the environment, the
government of Bangladesh must prioritize investing in renewable
energy and adopting energy-efficient practices. This approach
holds promise for creating a positive impact on other nations as
it promotes the adoption of sustainable development practices and
helps reduce carbon emissions.

Third, ensuring strict adherence to rigorous environmental
standards is crucial to ensuring that infrastructure development
and industrial operations are conducted in an environmentally
sustainable manner. Despite initial concerns about the impact of
strict environmental regulations on businesses, studies have shown
that these rules can actually drive TI and result in a decrease in
pollution. Implementing more stringent environmental regulations
could encourage a reduction in pollutants, especially among
businesses with a significant impact on pollution. As a result,
there could be a reduction in the release of harmful substances
and a decrease in water consumption. Despite the progress made in
environmental standards, the issue of noncompliance with
environmental rules continues to persist. Governments must
place infrastructure at the forefront of their climate action
agenda and thoroughly evaluate the design, execution, and
oversight of infrastructure to ensure its compatibility with a low-
emission and resilient future. Therefore, it is crucial to implement
more stringent environmental regulations to safeguard ES and
mitigate the negative impacts of infrastructure development and
industrial activity on greenhouse gas emissions and pollution.

8 Conclusion

This study examined the complex link between economic
development, remittances, technological innovation, and ES in
Bangladesh from 1980 to 2020. The research presented a
complete examination of these determinants using a range of
rigorous econometric approaches, including the EKC, unit root
testing, co-integration analysis, and advanced time-series
modeling using ARDL. The data demonstrated that economic
expansion originally increased carbon emissions and ecological
deterioration, but beyond a certain point, additional economic
progress was connected with environmental improvements. This
is consistent with the EKC theory, which states that although early
stages of economic development might damage the environment,
mature phases provide ecological benefits. A 10% increase in
economic growth (Y) first increased CO2 emissions and
ecological degradation, but additional growth led to a decrease in
both negative effects, supporting the inverted U-shaped connection
suggested by the EKC framework.

REM were shown to have a substantial effect on ES. Increased
remittance inflows resulted in increased carbon emissions and
environmental degradation, with a 10% increase in remittances
increasing long-term CO2 emissions by 1.531% and ecological
degradation by 0.725%. This shows that remittances, although
economically advantageous, typically lead to increased
consumption and energy usage, hence increasing environmental
deterioration. However, the analysis indicated a U-inverted
connection between REM inflows and environmental
deterioration, suggesting that additional increases in remittances
might contribute to environmental sustainability. TI has been
proved to have an important influence in lowering carbon
emissions and increasing ecological stability. A 1% increase in
technical innovation might lower long-term CO2 emissions by
0.1724% while improving ecological stability by 0.1407%. These
results highlight the need of promoting technical breakthroughs to
meet sustainable development objectives. Export earnings and IFD
were both considered. The research discovered a negative
relationship between export revenues and environmental
sustainability in both long- and short-run analyses. A 10%
increase in export revenues might increase CO2 emissions by
0.913% and ecological degradation by 1.229% in the long term.
Similarly, infrastructure growth has negative consequences on
environmental quality, with a 10% increase in infrastructure
expenditure resulting in greater CO2 emissions by 1.229% and
ecological footprint by 0.533%. The relevance of these discoveries
stems from their policy consequences. Bangladeshi policymakers
must examine the environmental impact of remittances and
encourage technical innovation to ensure long-term prosperity.
The research offers useful information that may help guide the
creation of policies for balancing economic growth and
environmental preservation. Bangladesh may achieve its
sustainable development objectives by utilizing technological
innovation and implementing sustainable practices in
remittance use, export profits, and infrastructure development.
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